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(57) ABSTRACT

A loudspeaker includes a frame, a diaphragm, a magnetic
circuit, a voice coil bobbin and a voice coil. The frame is
mounted on a side of the magnetic circuit. The frame has an
opening end. The diaphragm has an inner rim and an outer
rim. The outer rim of the diaphragm is fixed to the opening
end of the frame. The inner rim of the diaphragm is fixed to an
end of the voice coil bobbin. The magnetic circuit defines a
magnetic gap. The voice coil bobbin is disposed in the mag-
netic gap. The voice coil is wound around the voice coil
bobbin. The voice coil includes a lead wire. The lead wire
includes a conductive core and an insulated layer. The insu-
lated layer is coated on the conductive core. The conductive
core includes a linear carbon nanotube structure and a wire
structure contacting each other.

14 Claims, 8 Drawing Sheets
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1
VOICE COIL AND LOUDSPEAKER USING
THE SAME

RELATED APPLICATIONS

This application claims all benefits accruing under 35
US.C. §119 from China Patent Application No.
200910190387.0, filed on Sep. 17, 2009 in the China Intel-
lectual Property Office, hereby incorporated by reference.
The application is also related to copending application
entitled, “VOICE COIL AND LOUDSPEAKER USING
THE SAME?”, filed Jun. 28, 2010 Ser. No. 12/824,338.

BACKGROUND

1. Technical Field

The present disclosure generally relates to a voice coil
incorporating carbon nanotubes and a loudspeaker using the
same.

2. Description of Related Art

Loudspeakers are well known electric/acoustic conversion
devices which convert electrical signals into acoustic signals.
A conventional loudspeaker often includes a voice coil, a
voice coil bobbin, a magnetic circuit, and a damper. The
magnetic circuit is made up of a plate, a magnet, and a yoke,
and is arranged at the lower end of the damper. High-density
magnetic flux is formed in the magnetic gap between the yoke
and the plate of the magnetic circuit. The voice coil is wound
around the voice coil bobbin such that the voice coil and the
voice coil bobbin can vibrate along the axial direction. How-
ever, the conventional voice coil has a short lifespan because
it degrades and breaks easily after repeated vibrations. As
such, the loudspeaker cannot be used.

What is needed, therefore, is a lighter voice coil and a
loudspeaker using the same to prolong the lifespan of the
loudspeaker.

BRIEF DESCRIPTION OF THE DRAWINGS

Many aspects of the embodiments can be better understood
with reference to the following drawings. The components in
the drawings are not necessarily drawn to scale, the emphasis
instead being placed upon clearly illustrating the principles of
the embodiments. Moreover, in the drawings, like reference
numerals designate corresponding parts throughout the sev-
eral views.

FIG. 1 is a schematic and exploded view of one embodi-
ment of a loudspeaker.

FIG. 2 is a schematic, cross-sectional view of the loud-
speaker in FIG. 1.

FIG. 3 is a schematic view of a voice coil and a voice coil
bobbin used in the loudspeaker of FIG. 1.

FIG. 4 is a cross-sectional view of the voice coil of FIG. 3.

FIG. 5 is a schematic view of a conductive core including
a lead wire and a linear carbon nanotube structure twisted
together used in the voice coil of FIG. 3.

FIG. 6 is a schematic view of a conductive core including
a lead wire and a linear carbon nanotube structure according
to another embodiment.

FIG. 7 is a Scanning Electron Microscope (SEM) image of
an untwisted carbon nanotube wire.

FIG. 8is an SEM image of a twisted carbon nanotube wire.

DETAILED DESCRIPTION

The disclosure is illustrated by way of example and not by
way of limitation in the figures of the accompanying drawings
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in which like references indicate similar elements. It should
be noted that references to “an” or “one” embodiment in this
disclosure are not necessarily to the same embodiment, and
such references mean at least one.

Referring to FIGS. 1 and 2, one embodiment of a loud-
speaker 100 includes a frame 110, a magnetic circuit 120, a
voice coil 130, a voice coil bobbin 140, a diaphragm 150 and
a damper 160. The frame 110 is mounted on a side of the
magnetic circuit 120. The voice coil 130 is received by the
magnetic circuit 120.

The frame 110 has a structure of a truncated cone with an
opening (not labeled) on one end. The frame 110 a bottom 112
and a hollow cavity 111. The hollow cavity 111 receives the
diaphragm 150 and the damper 160. The bottom 112 defines
a center hole 113. The bottom 112 of the frame 110 is fixed to
the magnetic circuit 120.

The magnetic circuit 120 includes a lower plate 121, an
upper plate 122, a magnet 123 and a magnet core 124. The
magnet 123 is disposed between the upper plate 122 and the
lower plate 121. The upper plate 122 and the magnet 123 can
both be substantially ringed shape, and can define a substan-
tially cylindrical shaped magnetic gap 125 in the magnet
circuit 120. The magnet core 124 is fixed on the lower plate
121, received in the magnetic gap 125, and extends through
the center hole 113 of the bottom 112. The magnetic circuit
120 is fixed on the bottom 112 via the upper plate 122. The
upper plate 122 can be combined with the bottom 112 via
adhesive or mechanical force. In one embodiment according
to FIG. 1, the upper plate 122 is fixed on the bottom 112 by
screws (not shown) via screw holes 126.

The diaphragm 150 is a sound producing member of the
loudspeaker 100. The diaphragm 150 can have a cone shape if
used in a large sized loudspeaker 100. If the loudspeaker 100
has a smaller size, the diaphragm 150 can have a planar round
shape or a planar rectangle shape. A material of the dia-
phragm 150 can be aluminum alloy, magnesium alloy,
ceramic, fiber, or cloth. In one embodiment according to FIG.
1, the diaphragm 150 has a cone shape. The diaphragm 150
includes an outer rim (not labeled) and an inner rim (not
labeled). The outer rim of the diaphragm 150 is fixed to the
opening end of the frame 110, and the inner rim of the dia-
phragm 150 is fixed to the voice coil bobbin 140. Further-
more, an external input terminal (not shown) can be attached
to the frame 110. A dust cap can be fixed over and above a
joint portion of the diaphragm 150 and the voice coil bobbin
140.

The damper 160 is a substantially ring-shaped plate having
radially alternating circular ridges and circular furrows. The
diaphragm 150 is held mechanically by the damper 160. The
damper 160 is fixed to the bottom 112 of the frame 110. An
inner rim of the damper 160 is connected with the voice coil
bobbin 140. The damper 160 has a relatively large rigidity
along the radial direction thereof, and a relatively small rigid-
ity along the axial direction thereof, so that the voice coil
bobbin 140 can freely move up and down but not radially.

The voice coil bobbin 140 is light in weight. The voice coil
bobbin 140 has a tubular structure defining a hollow structure.
The magnet core 124 is disposed in the hollow structure and
spaced from the voice coil bobbin 140. The voice coil bobbin
140 is wound around by the voice coil 130. When the voice
coil 130 vibrates, the voice coil bobbin 140 and the diaphragm
150 also vibrate with the voice coil 130 to produce sound. A
material of the voice coil bobbin 140 can be polymer or paper.
An outer diameter of the voice coil bobbin 140 can be deter-
mined by the power and the size of the loudspeaker 100. The
outer diameter of the voice coil bobbin 140 can be in a range
from about 1 millimeter to about 10 centimeters. A thickness
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of the voice coil bobbin 140 can be in a range from about 1
micrometer to about 200 micrometers.

The voice coil 130 is a driving member of the loudspeaker
100. Referring to FIG. 3, the voice coil 130 is disposed around
an outer surface of the bobbin 140. When the electric signal is
input into the voice coil 130, a magnetic field can be formed
by the voice coil 130 as the variation of the electric signals.
The interaction of the magnetic filed caused by the voice coil
130 and the magnetic circuit 120 produces the vibration of the
voice coil 130. The vibration of the voice coil 130 would, in
turn, cause the voice coil bobbin 140 to vibrate, and then the
diaphragm 150 fixed on the voice coil bobbin 140 will vibrate.
The vibration of the diaphragm 150 causes the loudspeaker
100 to produce sound.

The voice coil 130 includes an end 136 electrically con-
nected with an outer circuit. The voice coil 130 is formed by
a lead wire (not labeled) wound around the voice coil bobbin
140. The lead wire winds around the voice coil bobbin 140 to
form a plurality of wraps. The power rating of the loudspeaker
100 is related to the number of the wraps. The more wraps of
the voice coil 130, the higher the power of the loudspeaker
100.

Referring to FIG. 4, the lead wire includes a conductive
core 132 and an insulated layer 134 coated on a surface of the
conductive core 132. A diameter of the lead wire can be in a
range from about 0.5 micrometers to about 5 millimeters. A
thickness of the insulated layer can be in a range from about
0.1 micrometers to about 0.5 millimeters. A material of the
insulated layer 134 can be a polymer. Examples of available
polymers are polyethylene, polypropylene, polystyrene,
polyvinyl chloride (PVC), epoxy resin, phenol formaldehyde
resin, silica gel, polyester, polyethylene terephthalate (PET),
polymethyl methacrylate (PMMA) or a combination thereof.

The conductive core 132 of the lead wire includes a wire
structure 1322 and a linear carbon nanotube structure 1324. In
one embodiment, the wire structure 1322 and the linear car-
bon nanotube structure 1324 can be substantially parallel
with each other and bound to each other via an adhesive. In
one embodiment according to FIG. 5, the wire structure 1322
and the linear carbon nanotube structure 1324 twist with each
other to form the conductive core 132. In another embodiment
according to FIG. 6, the linear carbon nanotube structure
1324 winds around the wire structure 1322 to form the con-
ductive core 132. Alternatively, the wire structure 1322 can
wind around the linear carbon nanotube structure 1324 to
form the conductive core.

The wire structure 1322 can be made of conductive mate-
rials or insulative materials. The conductive material can be
metal, such as copper, silver, or aluminum. The insulated
material can be fiber, polymer, cotton, or rubber. If the wire
structure 1322 is made of conductive materials, the wire
structure 1322 is used to conduct current. If the wire structure
1322 is broken, the linear carbon nanotube wire structure
1324 canbeused to conduct current. If the wire structure 1322
is made of insulative materials, the liner carbon nanotube
structure 1324 is used to conduct current. A diameter of the
wire structure 1322 can be in a range from about 0.2 microme-
ters to about 1 millimeter.

The linear carbon nanotube structure 1324 includes a plu-
rality of carbon nanotubes joined end-to-end with each other
by Van der Waals attractive force. The linear carbon nanotube
structure 1324 can be a substantially pure structure of the
carbon nanotubes. The carbon nanotubes have a low density,
about 1.35 g/cm?, so the voice coil 130 is light. As such, the
efficiency ofthe loudspeaker 100 using the voice coil 130 will
be improved. The linear carbon nanotube structure 1324 has
high tensile strength and good flexibility, thus, the voice coil
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130 having the linear carbon nanotube structure has a long
life. The carbon nanotubes in the linear carbon nanotube
structure 1324 are substantially arranged along an axial direc-
tion of the linear carbon nanotube structure, and the linear
carbon nanotube structure has good conductivity along its
axial direction. The linear carbon nanotube structure 1324
can be a free-standing structure, that is, the linear carbon
nanotube structure 1324 can be supported by itself and does
not need a substrate to lie on and be supported thereby. For
example, if a point of the linear carbon nanotube structure
1324 is held, the entire linear carbon nanotube structure 1324
can be lifted without being destroyed. A diameter of the linear
carbon nanotube structure can be in a range from about 50
nanometers to about 3 millimeters. A ratio of length to diam-
eter of the linear carbon nanotube structure can be in a range
from about 50:1 to about 5000:1.

Further, the carbon nanotubes in the linear carbon nano-
tube structure can form at least one carbon nanotube wire. The
atleast one carbon nanotube wire can be one carbon nanotube
wire or a plurality of carbon nanotube wires. If the linear
carbon nanotube structure includes at least two carbon nano-
tube wires, the carbon nanotube wires can be twisted with
each other.

The carbon nanotube wire can be untwisted or twisted.
Referring to FIG. 4, the untwisted carbon nanotube wire
includes a plurality of carbon nanotubes substantially ori-
ented along a same direction (i.e., a direction along the
lengthwise direction of the untwisted carbon nanotube wire).
The carbon nanotubes are substantially parallel to the axis of
the untwisted carbon nanotube wire. In one embodiment, the
untwisted carbon nanotube wire includes a plurality of suc-
cessive carbon nanotube segments joined end to end by van
der Waals attractive force therebetween. Each carbon nano-
tube segment includes a plurality of carbon nanotubes sub-
stantially parallel to each other, and combined by van der
Waals attractive force therebetween. The carbon nanotube
segments can vary in width, thickness, uniformity, and shape.
The length of the untwisted carbon nanotube wire can be
arbitrarily set as desired. A diameter of the untwisted carbon
nanotube wire can range from about 50 nm to about 100 pm.

Referring to FIG. 5, the twisted carbon nanotube wire
includes a plurality of carbon nanotubes helically oriented
around an axial direction of the twisted carbon nanotube wire.
In one embodiment, the twisted carbon nanotube wire
includes a plurality of successive carbon nanotube segments
joined end to end by van der Waals attractive force therebe-
tween. Each carbon nanotube segment includes a plurality of
carbon nanotubes substantially parallel to each other, and
combined by van der Waals attractive force therebetween.
The length of the carbon nanotube wire can be set as desired.
A diameter of the twisted carbon nanotube wire can be from
about 50 nm to about 100 um. Further, the twisted carbon
nanotube wire can be treated with a volatile organic solvent
after being twisted. After being soaked by the organic solvent,
the adjacent substantially parallel carbon nanotubes in the
twisted carbon nanotube wire will bundle together, due to the
surface tension of the organic solvent when the organic sol-
vent volatilizes. The specific surface area of the twisted car-
bon nanotube wire will decrease, while the density and
strength of the twisted carbon nanotube wire will be
increased.

It is to be understood that the above-described embodi-
ments are intended to illustrate rather than limit the present
disclosure. Variations may be made to the embodiments with-
out departing from the spirit of the disclosure as claimed. It is
understood that any element of any one embodiment is con-
sidered to be disclosed to be incorporated with any other
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embodiment. The above-described embodiments illustrate
the scope, but do not restrict the scope of the disclosure.

What claimed is:

1. A loudspeaker comprising:

a frame comprising an opening end;

a diaphragm comprising an inner rim and an outer rim, the

outer rim being fixed to the opening end of the frame;
amagnetic circuit defining a magnetic gap, the frame being
mounted on an side of the magnetic circuit;

avoice coil bobbin disposed in the magnetic gap, the inner

rim of the diaphragm being fixed to an end of the voice
coil bobbin; and

a voice coil wound around the voice coil bobbin, the voice

coil comprising a lead wire comprising a conductive
core and an insulated layer coated on the conductive
core; wherein the conductive core consists of one linear
carbon nanotube structure and one wire structure; the
linear carbon nanotube structure and the wire structure
contact and are twisted with each other, a material of the
wire structure is different from the linear carbon nano-
tube structure, and the linear carbon nanotube structure
comprises a plurality of carbon nanotubes joined end to
end with each other by van der Waals attractive force.

2. The loudspeaker of claim 1, wherein one of the linear
carbon nanotube structure and the wire structure twists
around the other one of the linear carbon nanotube structure
and the wire structure.

3. The loudspeaker of claim 2, wherein the linear carbon
nanotube structure winds around the wire structure.

4. The loudspeaker of claim 1, wherein a material of the
wire structure is conductive and selected from the group
consisting of copper, silver, and aluminum.

5. The loudspeaker of claim 1, wherein a material of the
wire structure is insulated and selected from the group con-
sisting of fiber, cotton, rubber, and polymer.

6. The loudspeaker of claim 1, wherein the linear carbon
nanotube structure is a free-standing structure and consisting
of carbon nanotubes.

7. The loudspeaker of claim 1, wherein the plurality of
carbon nanotubes in the linear carbon nanotube structure are
substantially arranged along an axial direction of the linear
carbon nanotube structure.
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8. The loudspeaker of claim 1, wherein a diameter of the
linear carbon nanotube structure is in a range from about 0.05
millimeters to about 50 millimeters, and a ratio of length to
diameter of the linear carbon nanotube structure is in a range
from about 50:1 to about 5000:1.

9. The loudspeaker of claim 8, wherein the linear carbon
nanotube structure comprises at least one untwisted carbon
nanotube wire comprising a plurality of carbon nanotubes
substantially oriented in a same direction.

10. The apparatus of claim 9, wherein the carbon nanotubes
are substantially parallel to an axis of the untwisted carbon
nanotube wire.

11. The loudspeaker of claim 8, wherein the linear carbon
nanotube structure comprises at least one twisted carbon
nanotube wire comprising a plurality of carbon nanotubes
helically oriented around an axial direction of the twisted
carbon nanotube wire.

12. The loudspeaker of claim 1, wherein the lead wire of the
voice coil twists around the voice coil bobbin to form a
plurality of laps.

13. A voice coil for winding around a voice coil bobbin of
a loudspeaker, the voice coil comprising:

a lead wire comprising a conductive core and an insulated
layer coated on the conductive core, the conductive core
comprising a linear carbon nanotube structure and a wire
structure contacting each other, the linear carbon nano-
tube structure winding around the wire structure to form
aplurality of laps, and a material of the wire structure is
different from the linear carbon nanotube structure;
wherein the linear carbon nanotube structure comprises
a plurality of carbon nanotubes joined end to end with
each other by van der Waals attractive force, and the
linear carbon nanotube structure and the wire structure
are substantially parallel with each other and bounded
together via an adhesive.

14. The voice coil of claim 13, wherein the linear carbon

nanotube structure is a pure structure consisting of carbon
nanotubes.



